concentrations such as occurred in Barcelona in relation to soya bean dust have been associated Background -There is evidence to suggest that changes in weather and airborne with large numbers of acute exacerbations. 10 Inhaled pollens are an established cause of fungal spore and pollen counts may affect asthma symptoms.
subjects' general practitioners were contacted D W Fountain to confirm that a diagnosis of asthma had been Correspondence to: made according to American Thoracic Society Dr G I Town, Christchurch School of Medicine, PO Box criteria. 22 All subjects but one lived within There is some evidence to suggest that climatic 4345 , Christchurch, New 19 km of the spore and pollen monitoring site. Zealand. changes and variation in the levels of airborne allergens may be responsible for fluctuations their use. They were asked to record twice daily days in most individuals. Similarly, the reliever medication data were dichotomised as high or (best of three before medication) PEFR, use of reliever medication, nocturnal wakening, and normal, with the cut off point being set at two doses greater than the category containing the asthma symptom score on a standard four point scale. Subjects were requested not to record individual's median usage. The first 14 days of each participant's diary data were excluded data on days when they were away from the area for the whole day. from analysis to overcome any training effects.
Predictor variables   
Severe exacerbations requiring attendance at The predictor or explanatory variables were the climatic variables and aeroallergen levels. The either the general practitioner's surgery or emergency department for nebuliser treatment climatic variables used in the regression analyses were mean daily temperature, mean daily were also noted on the diary card.
barometric pressure, mean daily relative humidity, mean daily rainfall and, for each day, the maximum fall in barometric pressure   Temperature, relative humidity, and rainfall observed during a two hour period. The last variable was intended to capture the effect of a were measured hourly at the monitoring site situated due north on the outskirts of the town, sudden fall in barometric pressure. Information on wind run and wind direction was not used and barometric pressure was measured at the local airfield.
for the analyses since these data were available for only 265 of the 365 days of the study period. From the two hourly spore and pollen counts mean daily densities per m 3 of air were cal-    Spore and pollen data were collected two hourly culated for each 24 hour period. The spore data were classified into three major spore types: using a single Burkard spore trap. Airborne particles passed through an aperture and were ascospores, basidiospores, and conidia. For each spore category each day was designated as deposited on the surface of a sticky 3M Mylar tape. The tape was attached to a rotating drum a high, moderate, or low day. This classification used the following cut off points: >66th perwhich moved at 2 mm/h, completing a single revolution every seven days. At the end of each centile, 33-66th percentiles, and <33rd percentile. For total pollen a standard classification seven day cycle the tape was removed, attached to glass slides, stained with trypan blue, and was employed with cut off points at 10 grains/ m 3 and 100 grains/m 3 . There were no days with examined microscopically.
Aerospores were counted by randomly se-a pollen count in excess of 100 grains/m 3 so comparisons refer to the effect of moderate lecting a field under the microscope on a portion of the tape corresponding to a two hourly compared with low pollen days. Using the above classifications, spore and pollen levels interval. Spore identification to species level was not attempted because of the accepted were represented by dummy variables (two for each spore type and one for total pollen) in the morphological similarities between many fungal species and genera. For the analyses regression analyses. In each case the category representing the lowest level was used as the reported here, all spores were classified as ascospores, basidiospores, or conidia. Pollen reference category. The spore and pollen levels were treated as categorical variables because, identified included pine (chiefly Pinus radiata), macrocarpa, wattle, oak, alder, birch, plantain, particularly in the case of spores, the range of observed levels was very large and linearity and grasses. Other pollen seen were grouped as "other deciduous trees", weeds, and "un-assumptions seemed inappropriate.
In order to allow for the possibility of linear identified".
The study was approved by the ethics com-drift in study outcomes over the study period we included day of the study (1-351) in the mittees of the then Nelson/Marlborough Area and Wellington Area Health Authorities. Writ-regression models. In order to allow for some additional flexibility in the modelling of long ten informed consent to participate was obtained from each subject.
term time effects we also included the square of the day of study in the regression modelsthat is, a quadratic function of time was included. More complex modelling of time effects   Outcome variables was not undertaken because exploratory analyses were not suggestive of complex long term The outcome data were drawn from the daily diaries and included morning and evening time effects such as cyclic patterns. Such patterns are probably less likely in a single year PEFR, asthma symptom score, reliever medication use, and nocturnal wakening. PEFR study such as ours than in multi year studies in which regular seasonal effects would be andata were logarithmically transformed to provide appropriate regression models. The symp-ticipated. tom score variable was dichotomised by defining any day on which an individual recorded a score greater than their modal score Regression analyses for the PEFR data
In order to allow for the possibility of heteroas a high score day. All other days were classed as normal with respect to symptom score. The geneity between participants we used random coefficients linear regression models for analysis modal score accounted for at least 50% of group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from of the relationship of PEFR data to the ex-residual first order autocorrelation for the group specific analyses ranged from −0.20 to 0.02, planatory variables. [23] [24] [25] This involved a two stage modelling process. Firstly, linear re-providing little evidence of autocorrelation.
In order to estimate the group-specific relgression analyses were conducted for each individual, adjusting for first order auto-ative risks we maximised a Poisson likelihood function for the dependence of symptom incorrelation via a two-step Cochrane-Orcutt method. 26 The second stage of the random cidence (computed as number of incident events/number of eligibles responding who coefficients regression model assumed that, for each variable, the distribution of the collection were free of the symptom of interest on the previous day) on climatic and aeroallergen variof individual parameter estimates could be approximated by a normal distribution. The focus ables. This model yields consistent relative risk estimates even when the outcome data are not of the second stage of the analysis was on estimating the mean and variance of this dis-Poisson distributed. 28 However, since the usual model based variance estimates are intribution by maximum likelihood methods. The resulting estimate of the mean is a weighted appropriate when, as is likely to be the case here, the data are not Poisson distributed, a average of the individual estimates, with the weights inversely proportional to the estimated model robust method was employed to estimate the variance of the parameter estimates. 29 variances of the individual estimates. The assumptions of normality which underExponentiating the (weighted) mean of the group-specific parameter estimates yields an pin the random coefficients regression models were checked by inspecting weighted normal estimate of the geometric mean of the groupspecific relative risks. It is this geometric mean plots. 27 These plots indicated that the observed distributions for several of the parameter es-relative risk which is reported below, together with 95% confidence intervals computed as timates tended to be slightly short tailed -that is, there were fewer data than expected in the geometric mean relative risk×exp (±1.96× standard error). extremes of the distribution. The implication of this is that the standard errors, confidence intervals, and p values for the PEFR analyses reported may be slightly conservative.
Software The SAS procedures Reg and Logist 30 31 were Since PEFR data were logarithmically transformed prior to analysis, exponentiating in-used for the first stage linear and Poisson regression analyses. Programs implementing the dividual parameter estimates gives an estimate of the multiplicative change in outcome second stage random effects models and the weighted normal plots were written using the (PEFR) due to a one unit change in the predictor variable. Exponentiating the mean of Gauss matrix language. 32 the individual parameter estimates gives the geometric mean of the individual multiplicative changes and this is expressed below as a per-Power of the study Based on the observed standard errors, the centage change in PEFR. Confidence intervals for the geometric mean percentage change were PEFR analyses had power greater than 95% to detect a 5% change in PEFR, in association computed as geometric mean percentage change×exp (±1.96×standard error).
with a 2SD change in climatic variables or a change from low to moderate or low to high aeroallergen levels. For the daytime symptom score, nocturnal Regression analyses for symptom score, nocturnal wakening, and use of reliever medication wakening, and use of reliever medication the study had power greater than 90% to detect For each of these variables, the analysis focused on incident occurrences of the symptom in rate ratios of 1.4, 1.7, and 1.5, respectively, in association with a 2SD change in climatic question (high symptom score, nocturnal wakening, or high reliever medication use). An variables or a change from low to moderate or low to high aeroallergen levels. incident occurrence of a particular symptom was defined as the reporting of the symptom of interest by an individual who had been free of the symptom the previous day. This Interpretation of results
In order to aid the interpretation of the results approach was taken both because it seemed more appropriate in terms of the study hy-of the regression analyses the results reported have been standardised so that, for each clipotheses and reduced autocorrelation.
For these dichotomous outcome variables it matic variable, the reported effect corresponds to the effect of a 2SD change in that variable. proved possible to fit individual logistic regression models in only about 50% of cases. For the aeroallergen levels the reported effects correspond to the effect of a change from low Consequently, possible inter-individual heterogeneity was accounted for by grouping in-to moderate or low to high aeroallergen levels -that is, days with low aeroallergen levels form dividuals according to their age (younger or older than 50 years), smoking history (ever or the reference group. never smoker), and atopic status and conducting separate analyses for each group rather than for each individual. The resulting group-Results   specific estimates were then analysed via a random effects model similar to that employed A total of 205 people were screened and 139
were entered into the study. Reasons for exin the second stage of the PEFR analyses. The group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from a mean increase in PEFR of 1.0 l/min. The associations seen with temperature and humid- * * Peak flow variability computed max−min mean of am+pm ×100
ity remained statistically significant after con- * * * Symptom scores reported on a four point scale. † Mean is the average of individual averages over 12 month period.
trolling for use of reliever medication. Analysis of the relationship between weather during the day and PEFR in the evening of the same day showed a similar effect, with only temperature clusion were: diagnosis of COPD (8), living outside area (7), occupational asthma (1), and and barometric pressure showing a significant relationship with PEFR. Relative humidity and unwilling to participate in such a long study (50). The mean age of the subjects was 49 change in barometric pressure did not show an effect. The effect of weather on morning PEFR years and 66% were female. A total of 32 493 person days of asthma symptom data were two days later (two day lag effect) appeared weaker. Analysis of the effects of seven day collected (median 279, range 29-351 days/ person). Summary baseline data concerning rolling means of climatic variables on morning PEFR also showed a small but statistically the main outcome variables (PEFR, PEFR variability, symptom scores) are presented in significant effect of temperature, but not relative humidity. An increase of 2SD in seven table 1. day average temperature (7.6°C) was associated with a mean increase in PEFR of 0.87% or approximately 3.5 l/min.  The weather in New Zealand during the study period was dominated by a cycle called "el Nino" with cooler, wetter weather throughout. Weather and asthma symptoms None of the climatic variables showed a reDetails of temperature, rainfall, and relative humidity over the study period are shown in lationship with worsening asthma symptoms as defined by a high score (table 4) . A small table 2. The mean daytime temperature during winter was 11.4°C and 23.5°C during summer. association between rainfall and nocturnal wakening was seen. The relative risk of a change Rainfall was low overall but higher in the autumn and winter months, as expected. There in night wakening was 1.22 for a 2SD change in rainfall (95% CI 1.08 to 1.37). None of the were 244 days without rain. The maximum fall in barometric pressure in any two hour period climatic variables showed any relationship with an increased relative risk of high medication was 4.7 mbar.
use.
Weather and PEFR
Of the weather variables temperature, relative     Total pollen counts for the study period are humidity, and maximum two hour fall in barometric pressure had a statistically significant shown in table 2. There were typical seasonal basidiospore counts were also significantly as- ‡ For each study participant a high medication day was defined as one on which reliever sociated with an increased risk of waking at medication was used at least two actuations more often than the individual's median level of use.
night. High and moderately high basidiospore days were also associated with increased risk of high medication use. Paradoxically, a day valent to an increase in morning PEFR of 2.8% * For each study participant a high symptom score day was defined as one on which the symptom (95% CI 0.36% to 5.3%) and an increase in score was at least one greater than the individual's modal score.
evening PEFR of 1.02% (95% CI 0.06% to † Adjusted for the effects of the other variables listed, climatic variables and for linear and quadratic time effects.
1.93%) between the start and the finish of the ‡ For each study participant a high medication day was defined as one on which reliever study period. The estimates for the quadratic medication was used at least two times more often than the individual's median level of use.
§ There were no high total pollen days recorded during the study period.
time variable suggested that, after controlling for climate, aeroallergens, and the linear time effect, mean morning PEFR was 1.9% lower in trends in the distribution of counts during the mid-winter compared with mid-summer (95% 12 month study period with total pollen levels CI 0.27% to 3.5%). increasing during August and peaking in December and January. The overall pollen load is indicative of a low to moderate severity pollen  season by New Zealand standards. Pine pollen A total of 54 exacerbations requiring nebuliser counts showed a narrow season, peaking in treatment were recorded during the year. There September, while grass had a broader season were no significant clusters of exacerbations. between November and April.
This number was inadequate to perform statThe distribution of fungal spore counts for istical analysis with respect to the effects of ascospores, basidiospores, and conidia during weather variables or aeroallergen levels. the study period is shown in table 2. Ascospores showed peaks in late spring and autumn, basidiospores showed similar peaks but were  more pronounced in autumn, while conidia There was little evidence of heterogeneity behad a sustained level throughout the year.
tween individuals in the PEFR analyses or between groups in the analyses of symptom scores, nocturnal wakening, and use of reliever Aeroallergens and PEFR medication. In each case, and for each of the There was no major influence of the levels of predictor variables, the estimated differences pollen and fungal spores on PEFR the following between groups or between individual varimorning. After adjustment for temporal trend, ances was close to zero and substantially less climate, and fungal spores, PEFR increased than twice its standard error. following days of moderate pollen counts compared with days with low pollen counts (no days of high pollen counts were recorded). The mean change in PEFR between a low and a Discussion This study has demonstrated a small but conmoderate pollen count day was 0.18% or 0.8 l/ min. This relationship remained after con-sistent positive association between temperature and PEFR, which would probably trolling for reliever medication use. Levels of fungal spores showed no association with PEFR have little day to day significance in terms of exacerbations but might account for slightly the following morning. There was no association between levels of pollen or fungal higher PEFR during the summer months.
There was also an association between days spores and PEFR two days later (two day lag group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from with high basidiospore counts and nocturnal level ozone could both contribute to respiratory morbidity in such a geographical location and wakening and reliever medication use.
We believe that this is the largest prospective future studies would need to examine these factors. study reported examining the effects of weather and aeroallergen levels on lung function and
The population studied was self-selected and represented approximately 10% of the likely asthma symptoms. The size and power of the study are such that some associations have been adult asthmatic population of Blenheim. Seventy five percent of the subjects were prescribed observed which reach statistical significance, but which may not be clinically relevant, either inhaled anti-inflammatory medications, usually inhaled corticosteroids. The use of inhaled due to their small absolute magnitude or the apparent implausibility of the relationship ob-corticosteroids in the New Zealand adult asthmatic population is approximately 60% (W served. Given that the study had 95% power to detect a 5% change in PEFR associated with Bennett, Pharmaceutical Management Agency Ltd, personal communication). Despite the a 2SD change in climate variables, we believe that a type II error is unlikely to have occurred. high proportion of subjects taking inhaled antiinflammatory medication, there was evidence Previous investigators have studied asthma admissions to hospital or attendances at the of significant asthma morbidity amongst the study population with use of inhaled agonists emergency department and have related these to changes in weather or levels of aeroallergens. averaging 3.4 doses per day and a total of 54 severe exacerbations during the study period. The prospective studies which have been reported have provided conflicting data, with It is possible that reduced bronchial hyperresponsiveness provides an explanation for our associations reported between asthma admissions and weather variables (rainfall, 4 baro-failure to demonstrate a major role for inhaled pollens and fungal allergens. metric pressure, 3 4 temperature, 3 33 and humidity 34 ) and aeroallergens (Ambrosia, 35 baAlthough only one spore trap was used for collection of spore and pollen data, and weather sidiospores, 4 35 uncategorised fungal spores, 3 and algae 4 ). variables were only measured at one site, we do not consider that this is likely to have conThe results of our study suggest that the effects of weather and aeroallergen levels on founded the results. Most of the cohort lived within 19 km of the spore trap. Blenheim is a PEFR and asthma symptoms on a day by day basis are small. Of the weather variables, only small town on flat land with few areas which might provide a microclimate. Previous studies the previous day's temperature, relative humidity, and fall in barometric pressure had a stat-have relied on data collected from a much larger geographical area. istically significant association with PEFR. The mean change in PEFR for an 8.8°C change in Our data suggest that, in this population of subjects with asthma, on a day to day basis, temperature (2SD) was 0.78% or approximately 3.0 l/min. Rainfall had a small as-there is little or no effect of weather and aeroallergen levels on PEFR or asthma symptoms. sociation with nocturnal wakening, with days of high rainfall being associated with an increased We have noted small effects of temperature, rainfall, humidity, and basidiospore levels risk of waking at night with asthma.
The effects of changes in aeroallergen levels which are generally in accord with other studies. 3 4 33-36 We are unable to assess from this were also small. Days with high basidiospore levels were associated with increased nocturnal study whether exceptional days, such as days with massive fungal spore counts, might lead wakening and reliever medication use, and this association was supported by a modest but not to exacerbations in a small subpopulation of asthmatic subjects, as is suggested by the data significant effect on high symptom score days. There appeared to be no biologically plausible from emergency departments in cities with large populations. There were, however, no clusters relationship between any other aeroallergen measured and asthma symptoms.
of severe exacerbations to point towards exceptional days. A number of factors may have contributed to the results observed. The weather during
In conclusion, we believe that causes other than weather and airborne pollen and spore the study was unusual for the region in that it was cool but not particularly wet. There were levels have to be found to explain day to day variation in asthma symptoms and PEFR in no major thunderstorms or changes in barometric pressure. These have been identified the general population. Possible contributing factors include viral respiratory tract inin previous reports as being associated with epidemics of asthma admissions and it may be fections 37 or increased bronchial responsiveness due to inadequate compliance with inhaled that these more dramatic climate events are necessary to release sufficient quantities of res-corticosteroid medication. pirable allergens. [7] [8] [9] The pollen profile was characteristic of seasonal trends observed in other The season.
We assumed for the purposes of this study that air pollution would be an unlikely phe-month prospective study.
Climate and aeroallergen levels in asthma: a 12 
